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Abstract:Th.is paper presents a hroad-range study of the co-seismic deformation field of Wenchuan Ms8. 0 
earthquake by ScanSAR interferometry. The results show co-seismic displacements ranging from - 19. 8 on the 
footwall side of the seismogenic fault to 73. 6 em on the hanging-wall side, or from -22. 4 to 77. 2 em with at-
mospheric-delay correction by MODIS. These results differ from the GPS line-of-sight results by 4. 58 em to 
2. 78 em, respectively, on the average. We could not obtain the displacements near the earthquake-rupture 
zone due to incoherence problem. 
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1 Introduction 
The 2008 Wenchuan Ms8. 0 earthquake had a measur-
able deformation area of about 500 km x 500 km a-
round the epicenter. For such a large-scale deforma-
tion , it is very difficult to make comprehensive and 
precise measurement by using traditional single-point 
observations , such as GPS observation , geological in-
vestigation, and digital seismograph. However, a 
broad-range study can be done with the rapidly advan-
cing Differential Synthetic Aperture Radar Interferome-
try ( DlnSAR) , which has a continuous large-area cov-
erage with high spatial resolution. 
The principal part of the wide-swath ScanSAR 
technique lies in periodically adjusting the radar-pulse 
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emission direction from the forward-moving satellite, so 
that the beam may scan a wider zone than traditional 
strip map during the scanning interval to achieve the 
wide-swath purposes[ 1•21 • Research about ScanSAR in-
terferometry is still progressing[3•41 and successful appli-
cations to earthquake-deformation studies have been 
few. 
In this study, we processed two C-hand Envisatl 
ASAR wide-swath Level-0 images from ESA (European 
Space Agency ) and obtained co-seismic differential 
ScanSAR interferograms for Wenchuan earthquake, 
which almost covered the whole surface-deformation 
field. Furthermore, we introduced MODIS (Moderate-
Resolution Imaging Spectroradiometer ) Precipitable 
Water Vapor ( PWV) products to correct for the atmos-
pheric delay ( mainly tropospheric wet delay ) in the 
SAR interferograms. 
2 Data description 
2. 1 ScanSAR imaging mode 
Figure 1 shows the scanning process of Envisat. In the 
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Figure 1 Envisat ScanSAR mode imaging process 
beginning , the radio pulses are repeated in the current 
sub-swath ( sst ) for a specific dwelling time to form a 
burst. Subsequently, the sensor adjusts its beam-emis-
sion direction to scan next sub-swath ( SS2 ) . Tiris ima-
ging process continues further until the beam is brought 
back to SS1 to start a new imaging cycle. The Scan-
SAR mode scans a wider zone (thus called wide-swath 
scanning) at the expense of spatial resolution in the az-
imuth direction [S,6J. 
2.1 MODIS near-IR water vapor rroduct 
Atmospheric water-vapor effect is one of the major fac-
tors that limit the accuracy of the repeat-pass Interfero-
metric Synthetic Aperture Radar ( InSAR) technique. 
Zebker[7J suggested that a 20% spatial or temporal 
change in relative humidity could result in 10 - 14 em 
eiTOr in deformation-measurement retrievals, independ-
-1 km). Five near-infrared (near-IR) MODIS chan-
nels are used for remote sensing of water vapor with 
three water-vapor-absorption and two non-absorption 
channels[8 •91 • The current resolution of MODIS-PWV 
products is 1 x 1 km ( at nadir) , and the output grid of 
a single level-2 MODIS water-vapor product is 2030 1-
km pixels in width (across the swath) and 1354 1-km 
pixels in length ( along the swath) . This product in-
cludes geo-location data, scan time and a cloud-mask 
product which determines whether the value of each 
pixel is available for SAR interferograms in atmospheric 
correction. It should be pointed out that only PWV val-
ues under cloud-free conditions are applicable to our 
study (Tab. 1 ) . 
3 Data and processing 
3.1 Data 
In order to obtain high-quality interferograms, the time 
interval and spatial perpendicular baseline should be as 
short as possible in the SAR data. Here , we choose 
two sets of Envisat/ ASAR Wide-Swath Level-0 data, 
one being obtained before the earthquake and the other 
after. The corresponding MODIS-PWV products were 
downloaded free from LAADS (Level-l and Atmos-
phere Archive and Distribution System) website ac-
cording to the date of the SAR images. 
3. 2 Data processing 
In the "two-pass" method that we adopted to process 
the differential interferometric pair, there is no special 
software for ScanSAR interferometry. Our data process-
ing is based on the software ROI_PAC of Caltech/JPL. 
ent of baseline parameters. We also incorporate a series of open-source codes and 
MODIS is a passive whisk-broom scanning imaging our own program packages into it. DOR precise orbit 
spectroradiometer onboard Terra and Aqua satellites. It data from ESA and SRTM DEM data with 3n resolution 
provides global coverage every 1 - 2 days with observa- are used for the DinSAR data processing. Phase un-
tions in 36 spectral bands at moderate resolution (0. 25 wrapping is completed by SNAPHU software. 
Table 1 Envisat SamSAR and MODIS PWV data used in this study 
IF Pair Track Date (UTC) B..~..(m) Time interval ( d) MODIS-PWVDate MODIS Platfonn (UTC) 
1'247 2008/01/25 8.9 140 2008/ 01/25 Terra Master Descend 03:07:52 03:50:00 
Slave 1'247 2008/ 06/ 13 2008/ 06/ 13 Aqua Descend 03:07:54 05:50:00 
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Figure 2 flowchart of ScanSAR intederometry and MODIS atmospheric correction 
For InSAR atmospheric correction, the MODIS-PWV 
products need to be converted into zenith wet delay 
(ZWD), using the following relationship[s-lo]: 
ZWD =PWVIII (1) 
where II is a dimensionless conversion factor that varies 
from 6. 0 to 6. 5. In our study , we define it to be ap-
proximately equal to 6. 2. 
In order to eliminate atmospheric wet delay from the 
SAR interferograms , ZWD needs to be converted into 
radar LOS ( line of sight) direction for each pixel. The 
squint wet delay ( SWD) can be calculated by using: 
SWD =ZWD/cos(J (2) 
where (J is the incidence angle for each pixel of the 
SAR interferograrns. 
4 Co-seismic Deformation Field 
Figure 3 ( a) and ( b) show the calculated co-seismic 
deformation field of Wenchuan earthquake derived from 
Envisat wide-swath ScanSAR dillerential interferome-
try. The green line indicates the surface rupture zone 
of this earthquake. It may be seen that the ScanSAR 
mode covered nearly the whole deformation region, 
which includes a series of mountains as high as 2000 
meters or more. 
As a result of the large terrain fluctuation and thick 
vegetation coverage, the coherence in the northwestern 
area is relatively poor and only several fringes can be 
seen. However, in the foot-wall side of the fault 
( southeastern area ) , the coherence is fine, and we 
may see about 25 continuous and dense interference 
fringes , which become sparse and irregular in far field 
(Fig. 3 (a) ) . No fringes exist in the middle of the im-
age because the deformation gradient is too large in this 
region, being close to surface rupture zone. 
Figure 3 ( b ) shows the unwrapped deformation 
field, in which we have masked the area of poor coher-
ence. As shown, the hanging wall ( on the northwest 
side) uplifted as a whole, while the foot-wall subsi-
ded. The co-seismic deformation was larger at locations 
closer to the rupture zone. The observed uplift in the 
hanging wall is no more than 20 em , and the observed 
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Figure 3 (a) Co-seismic interferometric fringes ( 2008 - 01 - 25 - 2008 -06 - 13) in epicenter (red dot) area; 
(b) Unwrapped co-seismic deformation field. 
subsidence in the footwall varies from 10 to 30 em in 
most areas. The maximum co-seismic deformation ob-
served in the line-of-sight direction which occurred a-
bout 20 km northeast from the epicenter ( 31. 0° N, 
103. 4 ° E ) is 73. 6 em. This result agrees well with 
Zhang, et al [lll , but may be slightly better. 
Compared with interferometric results of ALOS/PAL-
SAR , the coherence of our interferograms is far better 
than that of Envisat. Due to its long wavelength, the 
ALOS can still obtain interferometric fringes in the 
seismic near field. But in the far field, Envisat can ob-
tain clear fringes , while ALOS cannot [ 12 - 14] • Moreo-
ver, our ScanSAR results have fully demonstrated its 
superior performance. As for ALOS/PALSAR, it has 
to mosaic multiple track images ( 6 tracks or more) to 
obtain the whole deformation field. But their acquisi-
tion date of each track was not uniform, and each dif-
ferential interferogram was affected by different degrees 
of residual orbits, atmospheric effects and post-seismic 
deformation, and the adjacent images in the junction 
were not continuous. All of the above factors have con-
tributed to the difficulty for the final mosaic result to 
strictly represent the whole earthquake-deformation 
field. 
5 MODIS Water-Vapor Correction 
According to the flowchart of data-processing (Fig. 2) , 
we derived MODIS water-vapor fields of the two SAR 
passes and their Zenith Path-Delay Difference Map 
( ZPDDM) . In figure 4 ( a) , we have converted ZPD-
DM to SAR Squint Path Delay ( SPDDM) . The SPD-
DM reveals that the atmospheric effects contributed to 
- 13. 4 - 6. 4 em delay, with maximum occurring near 
Mianyang. Furthermore, most areas in the Chengdu 
plain had large atmospheric delay, but there was only 
- 5 - 3 em delay in mountainous hanging-wall area. As 
a whole , the atmospheric effects on SAR interferograms 
were inhomogeneous and complex in space and time. 
Figure 4 ( b ) shows the deformation field after the 
MODIS SPDDM correction. Comparing with the origi-
nal field ( Fig. 3 ( b) ) , it has a slight change in the o-
verall characteristics. The maximum uplift has in-
creased from 73. 6 em to 77. 2 em, while the maximum 
subsidence increased by 2. 6 em to -22. 4 em. 
Figure 5 ( a) and ( b) show the profiles of co-seismic 
deformations before and after correction along two lines 
A-A' and B-B' , which are, respectively, perpendicu-
lar to and parallel with the rupture (Figs. 3 (b) and 4 
( b) ) . Profile A-A ' shows large uplift on the hanging-
wall side and a mild subsidence on the footwall side , 
both with larger amplitudes nearer the rupture. Profile 
B-B' shows a right-lateral strike-slip movement of the 
thrust fault with a maximum of 60 em near the epicen-
ter. 
Table 2 shows the statistical results of the difference 
between the two profiles ( before correction minus after 
correction) . This result indicates an overall delay by 
atmospheric water vapor of 2 -4 em on the average. 
To compare our results with GPS observations, we 
selected nine GPS stations listed in table 3. We con-
verted the GPS data into values along radar LOS direc-
tion using the following equation : 
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Figure 5 ( a) A-A ' profile measurements ; 
(b) B-B' profile measurements 
Table 2 Statistical results of A-A' and B-B' 
measurements ( unit: em) 
Profile No. 
A-A' 
B-B' 
Max 
9.58 
6.30 
Min 
-8.32 
-5.93 
Average 
3.27 
2. 78 
STD 
3.08 
2.46 
where ue' un and uu represents the east' north and 
vertical components of GPS observations, and cp and () 
are azimuth ( 190 ° ) and incidence angles ( 23 ° ) , re-
spectively. 
As shown m table 3 , the results of our study are 
generally larger than that of GPS values, and except 
ZHJI , eight stations show a closer agreement of the 
corrected results with the GPS values than the uncor-
rected, and the average differences are 2. 78 em and 
4. 58 em, respectively. However, these differences are 
larger than those of Li , et al [ 10 J , perhaps largely be-
cause of the unstable unwrapping results of ScanSAR 
deformation field due to the poor coherence of the study 
area. Also, our MODIS PWV product contained a 
large-scale cloud coverage, and thus the data interpola-
tion and re-sampling processes may have introduced 
some errors. 
Table 3 Comparisons between Co-seismic GPS observations and Envisat ScanSAR in this study ( unit: em) 
Geolocation Co-seismic GPS Envisat ScanSAR ( LOS) Station name ( latitude, longitude) observation ( LOS) Original Mter correction 
CHDU (30. 639°N ,104. 064°E) 11.50 16.43 15.06 
PIXI (30. 910°N, 103. 757°E) 33.17 38.84 36.82 
ZJUI (31. 006°N, 104. 546°E) 8.74 12.19 12.46 
MYAN (31.44°N,104.726°E) 13.14 20.56 17.25 
RENS (30. 20°N, 104. 103°E) 2.76 5.55 3.84 
JYAN (30. 388°N, 104. 545°E) 2.48 6.54 4.38 
JSP2 (31.36°N,104.56°E) 12.99 19.17 16.32 
YGY5 (30. 43°N, 104. 40°E) 1. 10 6.13 4.53 
KEY1 (31. 79°N ,101. 92°E) -6.46 -8.19 -6.87 
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6 Conclusions and discussion 
In this paper, we have presented a broad-range study 
of the co-seismic deformation field of Wenchuan Ms8. 0 
earthquake by ScanSAR interferometry. The result 
shows co-seismic displacements of -19. 8 to 73. 6 em, 
or - 22. 4 to 77. 2 em with atmospheric-delay correc-
tion by MODIS. These results differ from the GPS LOS 
results by 4. 58 em to 2. 78 em, respectively, on the 
average. 
The ScanSAR mode has shown its superior ability in 
monitoring large-scale crustal deformation , although we 
could not obtain the deformation field of areas near 
earthquake-rupture zone due to incoherence and radar 
wave' s detection ability. The atmospheric-delay cor-
rection is a very important element in improving the 
precision of the DinSAR technique. MODIS can pro-
vide global coverage of two-dimensional water-vapor 
fields with high spatial resolution every 2 days. A com-
bined use of MODIS and ScanSAR can be effectively 
expanding the InSAR application scope. 
However, it is noteworthy that MODIS PWV prod-
ucts contain a systematic uncertainty of 5 -10%. And 
in most cases, the cloud-free conditions can hardly 
meet the research needs. Furthermore , the acquisition 
time of MODIS products is not contemporaneous with 
Envisat satellite. So in order to obtain higher-quality 
results , we may attempt to correct atmospheric effects 
of Envisat/ ASAR interferograms by using its contempo-
raneous MERIS ( Medium Resolution Imaging Spec-
trometer) near IR water vapor products[IS]. Besides, 
GPS observation can also be applied to calibrate MO-
DIS/MERIS water-vapor field[l6J. The combined use 
of GPS, MODIS/MERIS and InSAR should be able to 
further improve the InSAR measurements. 
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